Ten years ago, Buck introduced the philosophy of Karl Popper to epidemiology.' In that seminal effort, Popper' s views on logic and scientific method' were summarised and an example of the use of the hypotheticodeductive method was presented. The example included predictions deduced from a general hypothesis that proposed an infectious origin for cervical cancer; results of a variety of epidemiological investigations provided tests of these predictions. This paper will continue along the path that Buck has forged and apply this same method, also known as Popper' s method of conjectures and refutations, to a different problem in epidemiology, the problem of selection and its effect on occupational mortality. Epidemiologists have long been aware of the so-called "healthy worker effect" (HWE), a phenomenon in which the mortality of an employed population is reduced relative to that of a general population.5 The HWE is thought to arise as a result of selection processes; in other words, selection processes may yield an employed population healthier than the general population from which it was selected. This description of the HWE makes intuitive sense. Firstly, a certain proportion of the general population is chronically ill or disabled and therefore is unemployable. Secondly, workers who become ill to the degree that further employment is impossible must leave the workforce. Accordingly, two selection processes are recognised: primary selection refers to that selection which occurs at the time of hire whereas secondary selection refers to that selection which occurs during employment.6 Although many additional factors may be responsible for certain characteristics of the HWE,7 this paper will focus on primary and secondary selection and the factors of age and duration of employment; specifically, it will critically examine the relation between these and all-causes mortality as well as the mortality due to all-causes mortality minus accidents, cancers, and cardiovascular diseases.
Hypotheses and predictions for the healthy worker effect
Central to Popper's methodology is the careful a priori description of the general hypothesis and predictions to be tested.
As mentioned earlier, there are two types of selection in the workforce: primary and secondary. As a point of departure, consider the effects of entry (ie, primary) The cohort mortality will approach that of the general population, although it may never reach that level, due to the presence of the aforementioned pool of unemployables. The actual observations to be made in this investigation will not be on a large year-of-hire cohort. Rather, they will be made on a cross-section of a population, ie, a population comprised of a variety of fragments of past year-of-hire cohorts which has been "exposed" to both primary and secondary selection processes. Accordingly, the assumptions will be expanded, especially regarding the relation of the magnitude and extent of primary selection to that of secondary selection. The assumptions are these:
1 service will be less than that of a subgroup with x +n years of service and the difference in mortality between these two subgroups will be greater than that observed between the subgroup with x +n years of service and that with x+2n years of service (Prediction Bl). 2 This rise in mortality will be less rapid overall for diseases with a considerable pre-diagnosis symptomatology than for diseases without such symptomatology (Prediction B2). In summary, the predictions are: there is a persistent effect of selection upon age-specific mortality in that the HWE will be observed at all ages. Further, this age effect soon after primary selection, by virtue of the fact that considerably more prevalent chronic disease exists at older ages, is one that will show an increasing difference in mortality across age. Also there is a duration ofemployment effect in that there will be observed a diminishing rise of employed population mortality toward the general mortality. Finally, there is a cause of death effect in which cardiovascular disease mortality will show greater deficits and slower rises than will cancer mortality. Note that these predictions do not consider the relation of the employed population's mortality to the general population's mortality as duration of service increases: for example, no prediction is made regarding the appearance of an increasing difference in mortality (general minus employed) for subgroups with longer durations of employment.
Empirical testing: materials and procedures Two problems have plagued many of the reports1" of the HWE: firstly, the relatively small sizes of the study populations have not provided stable age-specific mortality rates when stratified by duration of employment and by cause of death. Secondly, the study populations are often exposed to physical or chemical hazards, the effects of which are mixed with those of selection. Both of these problems, which in part are responsible for the recently expressed call for more studies of the HWE,1"14 could be overcome by investigating the HWE in a large, unexposed working population. For this investigation, the employees of a large communications firm in the US were felt adequately to represent just such a population.
The study population, 338 306 actively working white male employees, is a subset (38.4%) of the population included on a database derived both from encoded demographic and work-history files and from a mortality data file on employees of the affiliated operating telephone companies of the Bell System as organised before 1 January 1984. 
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Finally, Prediction B2 states that cancer mortality will rise as duration of service increases at a faster rate than will cardiovascular disease mortality. This prediction is refuted if the ratio of the two integral areas defined and enclosed by the three cardiovascular disease duration of service curves is greater than the ratio of the analogous ratio from the cancer curves. In this instance, the cardiovascular disease integral ratio is 0-26 while the cancer integral ratio is 099. Therefore, the rate at which the cancer curves are rising as duration of service increases clearly exceeds the rate of rise of the cardiovascular disease curves; the prediction is not refuted.
Discussion
As Popper has often noted, science does not begin with theories, rather it begins with problems.20 Like any science, epidemiology has its own share of problems, not the least of which is the discovery of the determinants of disease. To many epidemiologists, this is identical with the problem of discovering the causal links between exposure and disease. For occupational epidemiologists, a related problem arises in the form of the healthy worker effect. It is an important problem because the effects of selection interfere with the search for exposure-disease causal chains.
In order better to understand how the problem of the healthy worker effect was approached from a Popperian methodology let us first look at how a more typical epidemiological study of this problem might take place. There would be an initial review of the existing literature on the subject, from which it could be concluded that an investigation comparing the mortality of a large, unexposed working population to the general population would provide relatively precise estimates of the magnitude of the effect unconfounded by the effects of work related exposures. These comparisons could be made and the inherent difficulties of the often used indirect method of mortality rate standardisation (also called the standardised mortality ratio or SMR) could be noted.21 22 From the results it would be possible to make some statements regarding the characteristics of the healthy worker effect. Many studies have reported such general features; these are summarised as follows:6 1 the healthy worker effect is greatest at youngest ages and decreases with increasing age;
2 the healthy worker effect diminishes as duration of service increases; and 3 the healthy worker effect is greater for cardiovascular disease mortality than it is for cancer mortality.
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There are others, which relate to other factors such as race and sex, but they do not concern us at this time.
What does concern us is the origin of these statements and their relation to a critical scientific methodology. These characteristics of the healthy worker effect have arisen from observations made on a variety of occupational populations. Therefore, they have arisen inductively; they represent generalisations resulting from an accumulation of similar observations. They could become our predictions for the next study of the healthy worker effect but only if we are justified in making this purely inductive leap from observation to prediction. But as Popper's views suggest, there are serious questions about the validity of this approach. Alternatively, an a priori explanation for the healthy worker effect could be proposed. This explanation would entail a series of assumptions, initial conditions, and deduced predictions about the presumed action of selection on disease and mortality. It may be possible that some of the predictions so derived will be similar to those that have arisen from observation alone. It is also possible that this a priori explanation will yield some new, unexpected predictions. In any case, it is only within a critical deductive method, such as that advocated by Popper, that the logical implications of observations are strongly realised; for it is only in such a deductive methodology that the observations actually test the general assertions. Thus, it is also possible that such an a priori explanation of the healthy worker effect will not hold up under a critical inquiry.
In summary, the first step in nearly every epidemiological study is to review the existing studies and commentaries on the subject. Yet for the healthy worker effect, the conclusions one may draw from such a review are actually an endpoint of an inductive process comprised of a long series of observations with little or no explicit theoretical basis. While a critic may insist that there is in fact a theoretical basis for the healthy worker effect (that it is the result of selection processes), the essential link between this general theoretical statement and the predictions that can be derived from it remains unstated.
Any explanation which arises in an attempt to fill this gap must withstand the rigours of the critical deductive method; its general assumptions and initial conditions must first be explicated, and the predictions must then be derived from them. These predictions represent the theoretical expectations for that which is to be observed, and it follows from the basic principles of deductive logic that they can (and should) Recall that because these are relativistic criteria we need to defend this claim by comparing the explanation posed in this paper with at least one of its predecessors. Consider, for example, a study of the healthy worker effect in workers exposed to vinyl chloride.10 There it was suggested that three While it is possible to rescue this theory from these failures with appropriate ad hoc alterations, such a 'conventionalist' stratagem threatens to destroy its claim to scientific status. In the end we must conclude that this theory for the healthy worker effect is not final nor ultimate. Nevertheless it has been shown to be an informative representation of reality, given the scope of its assumptions and the intensity of the attempts to refute it. In future critical investigations, it may be rejected in full or some part of it may well be subsumed under some more general theory; the progress of the science of epidemiology is not best characterised by its inflexibility, rather by its potential for change. A distinction can be made between what is known as a conceptual hypothesis, such as factor A is Douglas L Weed associated with disease B, and a working hypothesis such as the incidence of disease B in a population exposed to factor A is greater than the incidence of disease B in a population not so exposed. This is an oversimplification, to be sure, but it still serves to point out that a working hypothesis is more easily tested.
The predictions for the effects of selection on cross-sectional mortality can also be converted, but not from conceptual hypotheses to working hypotheses, rather from conceptual predictions to working predictions. These conversions involve a minimum of additional assumptions. Five major conceptual predictions were asserted; these are restated as working predictions:
Conceptual prediction Al For the group with the shortest duration of service, their mortality will be less than the general population mortality, at all ages.
Working prediction AI (applies to ALL, CAN, CVD, AMA)
Difference: (Mlj-mi,3)>0 for all j Ratio:
(m1,j/Mi,)<1 for allJ
Conceptual prediction A2 The difference in mortality between the group with the shortest duration of service and the general population will increase with increasing age.
